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PROBLEM OF CALCULATING BOLTED JOINTS
UNDER STRESS RELAXATION AND CREEP
CONDITIONS DURING VIBRATIONS

D. Ya. Bragin, I. N. Shkanov, and
G. V. Vasil'yev

The existing methods for calculating tight bolted joints for
stress relaxation are based on equations corresponding to a
particular theory of creep which glves the most accurate quantita-
tive description of the creep and stress relaxation of fastening
materials in the examined specific conditions. Thus, for example,
I. A. Birger [1] uses the flow theory developed by L. M. Kachanov
for calculating bolted Joints; other authors use the theorles of
Yu. N. Rabotnov and N. M. Belyayev. However, the calculation
relationships for describing the 2reep and stress relaxation,
obtained on the basis of these theorlies, are in good'agreement
with the experimental data only for the pure metals and alloys
structurally stable at Increased temperatures and are less sultable
tor describing these processes in the heat resistant aging alloys
based on nickel, working under conditions of vibrations, especlally
in the temperature range of their aging intensified by vibrations
and progressive with a decrease 1n the specific volume of the
material. In our opinion the following equation of stress
relexation proposed by B. M. Rovinskiy (2, 3, ] 1s movra ~nitable

Ca— . e

for these purposes:
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¢ =3, emp[-u,‘t]', (1)

ﬁﬁhicﬁﬁﬁénu¥éiizosfthe known Maxwell eguation when

£ (2)
Mo |

‘ athough H"i'* "xpres3es a more complex dependence of the mat eriai S
. m»;;;:;.- -- M A [ n e

viscosity f*ctcr By as" compared “with Maxwell equation, but-iv
describes the stress relaxation process more accurately for the

heat resis 1L alioss tested by us, used for manufacturing
"-7f}§"s't¢ ng pax ts. *’ R ‘

xitione (1 and (2), o and o, are the primary stress
f:andﬂstress at the moment of time Ty respecively, p 1s the material's

index_ofirrlaxational pliability, kg is the coefficient character-

a. eq.

coefficients nfidnd o it is possible to make a practical calcula-
tion Loth io ,he stress relaxation as well as for. creep. The
methot {o" termini:g'the coefficients taking into account the
oecaiiarities of otress relaxation in heat resistant allcys under
condivions of vibrations is described in work FSJ "1 s ‘

Rhe cﬂua-tion of tightness for g bolted Joint will e sati;fied
v 0 % certa.n ‘ime bJ the constancy in the dimensions i the
“luv.@ and bolt {in the case of ‘the- absolntely rigid flanges when
th-. tightness of,,He,junction under the erfect of the aprlied
1y4d 1s broken due o the relaxatlon of stresses in the heolt  o»
21 the case of pliable flange‘) by the change in the dime: sions
withln the limits co”rcsoondinﬁ to a tight unici. when as 2 reasult

[

. the bolt creep under the ef;,ct of the aprlied "o5d and
‘nercaved temperature there wi}l oceur a "stralehtening” of the
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compressed rlanges., In'thisjcase, even ihough the creep of the
fldnges and the boly will be different, the Lotal relative Clongii-
tlon (elastla and pl.ﬁtic) should be identical. Then frowm. Lhe
conditlon of straln compatlb1lity of the Lolt ang tlunges we

can widte the condition which satisties tneir {1ght mutual unlon:

Gi
8

i
1€

4. ‘.’.'_:...Qa...i._g_., 8
T E a

B O Ha “ 0 ! (3)-
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e \ |

In thu Cas, for the Plungo unLon iL is valid to pose the requivn—
. mentsg, for constant ratio becween‘Jhe atxehura,lp Lh; bulL and

f:langeS. i-t?-p B l I oo ‘-'lll.'t '.... l
oo e Q. N
. i”.d*r:'.j_” | . it
R h ﬁ. T L o o
dnd constint vatlo of thelr coefficlents of viscoslty -~ o
- & .‘.“ ’I': .I ! o U g .' ' .
‘.".".‘:; ' I "':]'l' . 5'. . - 1 T : | ! '(‘J)
[ - , ! j !
' (] : ﬂ c‘ e . '..' . . .
. ."l ' ‘ . . ) ' I. .' \ . '\ o '
Then, aftey subspituﬁiqgl(u? and (5) anq a%ﬁoi |
E e N o : o
l i‘. " \‘l!-' v \ o i
= i e (6)
‘&. E¢ C‘ \\.\:‘ ‘.-. -l\ i . i
“ Coh
' . : v LR U
diffé.,ﬂfﬂal cquabion (Q) 1L wjl* AJbUHG Lhe form:
o tp - ' . S
b “ o ) v |

WIter Integrating equation (7) within the mite Tfom cs.tu o

and from 0 to 1 with the consideration of (2) for this bolt mater:

and degignating
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we obtuln the followlng relationship in the Cinal form

®, = &, exp[-C,C,n/ "] | (9)

Phie inLvoncud relatlonship (9) lLecerlbes Lhe gonoral case
o' gtreds reluxation Ln the boltl taklong [nto scceount Lhe etffoct,
of eluvticlry and creep of the lntermedlate parts., For a more
accurate calculation the nateslal's viscositylfautuv vl Lhe
intermedlate paris should be determined by the values of parametors
enturing expression (29 which were oblalned from the cexperimental
cubves on gstress relaxatlon or creepn during.comprcssion. However,
due to the fact thal lhere lu a tdtal abgence of the former and
scantiness of the luuter in the literature, we can usce Lhe dala
ort stress relaxatlion and creep durlng extenslon, which 1s valld
for small deformati ns which do not exceed 1-2% [6]. The com-
parison of .he curves of creep for alloy EI4Z7B durlny; compressioan,
presented 10 work [7), with those for thls alloy during —xtensley
Bpeags in i v of tihls assgertion. A somewhat amallel deformation
ol stavlii. -4 orecp durlng extenalon, as compared wilth the com-
nregsion appl'cable o flanges (intermediate purts), yiclds the
noel'fliclent values oltalned by formulas (2), (U), and (8) as a
gafety factor when caleulating the end stresses.

IMgure 1 sleus :he experimental curves on olress relaxatlon
A uteel ELABL 1 1L5arLthM1c coordinates 19L~131 @-Ln%ﬁ) with
and without vib:atl ns roruthree'prlmary stressces.  The otress
trlaxation charatdicr stles found using these curves ore taboiat ee
‘v Table Ly wiill . FPio, 2 shows thelr dependences on Lhe prrbmaey
Stress.  Yheuve clepenlinces, with a certaln degree ot necuvacy
(Lhowevur, satls g Lory for englueering calculation poqu! ement
for threaded contvctlons), are assumed to be lincar arnad o
deserdbed tv emelrleal formulas whileh permits one to r'thd coofti-

)

clents p and k& for any primary stress tn Lhe examined poerlod,

1a _tadedl ol asea, Lot
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< Table 1.
t
6, wot/mm2| With vibrations |Without vibrations ’
P »
P L p K D
o | 0,88 0,182 0,410 0,074 . B
-2 0,260 0,112 0,310 0,056 :
3
10 0,212 ¢,156 0,105 0,120 ;
Table 2. : ,
Material| Tempera-|Range of Ty
ture, inlapplica- kP . s
°C tion 1 P .
according '
to the b
primary %
stresses 4
T kgf/mm¥ é
. s
: 650 10-30 <0,0024 @, «0,20% [0,007 B, +C,14% ;;'
*~ EI461 -0,0025 6, 40,14 |0,0153 G, -0,06 g
1 o
- 550 10-35 -0.01m 6. ‘0'45K 0,0043 6. ‘0,05‘ #
0,043 &, 40,17 |0,0045 @, +0,05 . a
-~ % [ on N
. 00 26 45 0,00035 &, +0,047%{0,007 D, 0,28 .
EIL37B 7 2745+ Yo.ouse @, 40,032 |0,019 B, 0,46 ~
*® » 3’
800 10-30 0,026, 40,1 0,006 & -0,1 k1
c,09 0,018 &, 0,19 4
EI598
29 0,00054 &, * 0,009 G, =~1,11% :
700 20-45 6,00068 &, +0,004 J0,0026 B, +0,05 -

Note: Empirical formulas for kg and p with vibrations are
indlcated with the asterisk.

Table 2 shows th¢ empirical formulas of the stress relaxation
characteristics of certaln alleoys, used in the manufacture of

- mw- A o 8.

FTD-HT-23-0276~73




oy op

fastening parts for gas turbine engines, at operating temperatures
any stresses. The range of their use according to primary stresses
is given for these formulas. -

The selection of emplrcal formulas was accomplished by the
graphic method. The differerice 1n the scales of values plotted
along the axes of ordinates and abscissae 1s taken into account
in the angular coefficlient of these formulas.

The presented formulas reflecting the experimental graphic
dependence are obtalned on the basls of the tests carried out on
stress relaxation for the indicated alloys for a period of 60 = 100
i with and without vibrations; some of them were experimentally
checked for the reliability of extrapolation up to 200 h. It turns
out that the use of coefficients p and kg found by these formulas
yields a totally relliable calculation for 200 h, both 1n the tests
with and without vibrations; the difference between the final
stresses calculated by formula (9) for the case of rigid flanges
and those obtalned by the experiment for 200 h did not excced
10-15%; moreover, calculation by the formula gave a stress value
to within the safety factor. There 1s baslis to assume that
extrapolation to even longer time 1s possible. Hecwever, in the
majority of cases it is precisely during this perlod that the
first, unstabllived, most intense with respect to the decrease
in stress, section is totally completed in the relaxation curve
of heac-resistant alloys. With vibrations this section lis
completed even faster. '

Tests on the indicated alloys with vibrations were carried
out at frequencles of 310, 470, and 700 Hz and vibration amplitudes
from 1 to 1.8 kgf/mmz. The tests were done on cylindrical gamples
whose working sectlon was 100 mm long and 10 mm in diameter, both
with and without vibrations. The sample blanks were heat processed
according to the serles production technique.

FID=-HT=23-0276-"73 T

e e

: pem—————

. ot e+ A

it A et e+ - e e
TR

PP
- v

3

.'i




BIBLIOGRAPHY

1.8x prep H.A. Paouer pessSonx cosmuusmi M. 080~
ronrys, 1959.

2.Posuncen @ B.M. K sonpooy o Mevuioisus PelaR-
i HAnpasénud B ueTAansx. HAR CCCP, OTH, 1994, n2.

3.Poounoxud B,M.,, Amruay B.T.Hexoropme
ATOIY: KBYUGHAR DOTARCEINN HAIDAXEHN] B MOTARZEX N  COARREX.
3 ¢f.; PoAMFOMDIONNYS XMOHRS B MUTAARX W caxasax. M., Me-
svuyprustar, 1968.

dcbopotrnuxon C,PoBunoxni B. 0.
PERSXORWIA HATPAREMER, NOASYUECTH ¥ ODHOOONOS PAOTARHRE) oo~

 HoOTS M condmniocT® npoyecoos. XIMID, 1968, # 6.

S.Bparau L. A,Bacnzdep [ B O nexore-

P 0000OHHOCTAX PAIAKCLMN dapRzeiil § PAPONPOUNIX ONRANEY
" » yoIOBARX SHOPOWMA. B cO.: TOPNONPOYHOQTH WBTOMMALOS B  ROM«
. CTQYKTMMIOEC SAGMEHTOD, D5, iwen, "Huyxom xywma®, 1969.

6. Caconona H.l. AoOuTaHHE TAPONPOUHX MATI[KE-
a:u & DOABYYESCTH M IANTEAMHY® NpouNcoTh. M., “mmx oo TpORHNE';
965, '

72.0y6uunu B, Ayxsamow B.H.,, OO0~
enx B, B.Hoonesonanie nossyveon cnauss M4I75 npw oxamu.
5 00,: TepmONpOYKOCTS MATEPMAION M ROHCTPYRTMBIME  SAEMEHTOS,
x4, lwes, "Hayroza mywukn", 1967, '

Received
29 April 1971

FTD-HT-23-0276=73 8

T SR W TRIPFT W R0 V- SPRETR - €




